teristics of the coronary-prone members of the population should first be defined in contrast to those of others in whom the risk of coronary heart disease (CHD) is much less. This task is easier to suggest than to accomplish. An epidemiological situation or an experimental design which is proper in all respects is yet to be encountered. Previous investigators and we have been forced to accept the conditions pertaining to the populations available for study. For Since December 1960, 24 men with myocardial infarction verified by medical history, a typical sequence of electrocardiographic patterns, and elevations of serum glutamic-oxalacetic transaminase levels were studied under research ward conditions. Twenty of these men were originally seen on the ward or private services of this hospital. Three had been followed by the community heart disease study at Framingham, and two came from the private practices of staff cardiologists.
The criteria for selection of the patients were as follows: (1) Age at the time of myocardial infarction was 45 years or less (with only one exception; E. R., aged 49 years, was an unusually young-appearing, physically active man who had not smoked for many years). (2) The following tests were performed on all paCirculation, Volume XXXIII, May 1966 tients and on the business and professional (B and P) control subjects: complete blood count with hematocrit; urinalysis; blood urea nitrogen; serum uric acid, and protein bound iodine. '4 Liver function studies were performed only if indicated from the clinical examination.
The measured body weight of each subject was compared with the "desirable weight," based upon the height.15 Since definite criteria for different body "frames" were not available, the middle of the range for medium frame was used as the desirable weight for each individual. The deviation of the actual from the desirable weight was expressed as a percentage of the latter.
As an independent estimate of body fatness, the thickness of the skin plus subcutaneous fat layers overlying the eighth rib in the midaxillary line was measured on the routine chest X-rays as described by Garn.16 Oral Glucose Tolerance Test
After a fasting blood sample had been drawn and 100 g of glucose in water solution had been ingested, blood samples were obtained at 0. To examine for the possible presence in plasma of an inhibitor of the enzyme, preheparin plasma from some of the subjects was added to an assav system containing normal postheparin plasma.
Lipoprotein Electrophoresis
Paper electrophoresis was performed by the method of Lees Q%40 _r (II combined control series slightly less than one half were classified as professional and managerial persons, one fifth as skilled labor and clerical workers, and more than one third as unskilled laborers or chronic offenders.
Age
The distributions of age in the patients and B and P controls were practically identical, with an average of 37 years in both series. The ranges of age were from 23 to 49 years for the patients and 27 to 47 years for the B and P controls. The Pris controls were, on the average, 32.5 years old, with a range of 24 to 44 years.
The patient series averaged 2 inches shorter in stature (mean 68.1 inches) than the controls (mean 70.3 inches). However, the range of heights in the patients was 64 to 75 inches, so that shortness was not a constant observation.
Because stature might be related to the ethnic differences between the series, the The frequency distributions and means of the patient and control series revealed that the average for all was 10% above the desirable weight for body height.15 Historical data indicated that the coronary group had averaged 18% above ideal weight at the time myocardial infarction occurred; however, a disproportionate amount of this excess was contributed by three men who were more than 30% overweight at that time.
Estimations of body fat from measurements of thickness of the skin plus subcutaneous fat layer on chest X-rays were satisfactory in 17 patients and six B and P control subjects. The measurements ranged from 0.3 to 1.5 cm and were highly correlated (r = 0.61; P < 0.01) with the relative body weight. Similar measurements overlying the trapezius muscle in the midelavicular line were not so well correlated with the relative body weight.
Smoking Habits
The patients habitually smoked nearly twice as much as the controls. Only one patient was a former smoker; in contrast 30% of the controls were nonsmokers.
Blood Pressure
The mean blood pressures of patients and controls did not differ significantly. Subjects with a history or documentary evidence of hypertension were excluded from both series.
Family Medical History
There was a very high family incidence of Circulation, Volume XXXIII, coronary heart disease (according to the subjects' information) among the patients-70% of them having an affected parent or sibling, in contrast to 25% of the controls. Diabetes mellitus in immediate relatives was less common in the patient series (17%) than in the control series (30%).
Miscellaneous Blood Studies
There was no statistically significant difference between the patient and control series in hemoglobin, hematocrit, fasting blood sugar, blood urea nitrogen, protein-bound iodine, and uric acid.
Tests of Glucose Metabolism (Table 3 Cortisone-Glucose Tolerance Test (Fig. 4) When results of the glucose tolerance test were normal, repetition of the test after predosage with cortisone showed a similarly higher peak and delayed return of the blood sugar in the coronary series. In this test the differences were statistically significant at 1.5 and 2 hours. In addition the fasting blood sugar after cortisone was significantly higher in the controls, an observation whose meaning is unknown.
Fasting Serum Lipid Levels ( 30 The four men were eliminated from the further statistical comparison of the serum lipids and lipoproteins in the coronary and control series.
As noted in the section on statistical procedures, differences in distribution and variance of lipid and lipoprotein parameters between the two series, and sometimes between the control subsets, rendered unsatisfactory a conventional comparison of mean values. Comparisons were made, therefore, by the Wilcoxon two-sample rank test after ranking the data in ascending order of magnitude.
Serum Cholesterol (Fig. 5) The patients exhibited higher levels than the controls, although the difference was not great from the B and P subset. In one fifth of the patients the serum cholesterol was more than 300 mg%, and exceeded all controls. The low levels and small variance of serum cholesterol in the Pris subset are noteworthy.
Fasting Serum Triglycerides (Fig. 6 HATCH ET AL.
The Serum Lipoproteins (Table 3, Section III, Tables  4 and 5 and Fig. 7) The rank comparison test was deemed most suitable for the statistical analysis of the measured serum lipoprotein fractions because of differences in distribution pattern and variance among the subsets of people studied. The four patients with moderate hypertriglyceridemia were again segregated in the analysis of the serum lipoproteins.
al-Lipoprotein
This fraction, the high density lipoproteins,25 was significantly lower in thie patients than in the controls-both in amount of uptake of dye and in percentage of the total uptake. The percentage of dye in the a1-lipoprotein and in the 8-lipoprotein showed a strong inverse correlation.
A multiple linear regression calculation revealed that the amount of ai-lipoprotein did not depend to a significant extent upon either the cholesterol or triglyceride levels of the serum. Significant correlations of a1-lipopro- This electrophoretic fraction has been shown to correspond to a major part of the very low density portion of the serum lipoprotein spectrum.25 31 It was significantly greater in amount in the patients than in both subsets of the control series. Accordingly the presence of a significant amount of the fraction was a strikingly good discriminant between those men with and without CHD ( fig. 8 ).
Multiple linear regression analysis showed a strong dependence of this fraction upon the levels of both cholesterol and triglyceride of serum.
P-Lipoprotein
The amount of ,3-lipoprotein was not significantly higher in the patients than in the B and P control subset. However, both of these groups had higher levels than the Pris subset. This result closely resembles, as it should, the differences in serum cholesterol levels ( fig. 5) 90% of the controls-showed a normal response to this test; that is, the 9-hour triglyceride level was not more than 80 mg% above the fasting level (on or below the dashed line in fig. 9 ). The four patients with carbohydrateinduced hyperlipidemia had grossly elevated fasting as well as 9-hour levels, and the result of the test is probably of little significance in them.
There remain, however, six patients and two controls of the Pris subset with normal or only slightly elevated fasting triglyceride levels, in whom the 9-hour level was from 140 to 385 mg% above the fasting level.
These individuals appear to have a distinct impairment in the clearing of ingested triglyceride from the blood, and the defect was most common among those with CHD.
Posthepari Lipolytic Activity of Plasma (Table   3 , Section 3, and Fig. 10) The mean K value for postheparin lipolytic activity was not significantly lower in the patients than in the healthy subjects. The patients' values were nearly all within the normal range, but in the lower part thereof. As with the serum lipid levels there were Pre-p3-lipoprotein Serum uric acid *No. is the number of subjects in whom data pairs were available, excluding only the four men with moderate hypertriglyceridemia. r is the linear correlation coefficient (see section on "Statistical Analysis"). P is the probability of a correlation coefficient as high or higher being due to random chance. tCorrelation coefficients significant at the 5% level or less are printed in bold face type. a-f Spearman rank correlation coefficients, r5, calculated for coronary plus B and P controls only. fat load ( fig. 9 ). We cannot offer an explanation of the impairment, but can only recommend further application of the test and further refinement of methods of study of the transport of alimentary fat.
Postheparin Lipolytic Activity
Fredrickson and associates,23 whose assay method was used in our laboratory, have shown that marked deficiency of this enzyme system is found only in the rare cases of fat-induced hyperlipidemia. Their data suggest that the level is normal and often above average in carbohydrate-induced hyperlipidemia. The levels in our patients with CHD were variable, but most of them were in the lower part of the normal range. The level of lipolytic activity has been shown to be dependent upon the fat intake,23 and perhaps on the caloric intake49; restriction of either may result in moderate decreases in K value. Thus, the degree of reduction observed in our patients could have been due to voluntary restriction of the diet after coronary heart disease became evident. A restriction of sufficient magnitude was not recognized in our Abnormal Findings (Table 7) In A prominent feature of our way of life is the presentation of large loads of foodstuffs to the body at infrequent intervals; this has seemed to be especially true of many of the subjects of this study. The actual needs for these substances for energy or for anabolic purposes are on a much different time schedule, and often the need is for much less than the "dose" administered. Temporary disposition of products derived from food ingestion is therefore required. If excessive food input imposes this metabolic demand over a period of years upon the enzymatic pathways for disposition of sugar or fat, abnormal results might ultimately be expected in one or another of the tests applied in this investigation.
The analysis of our data adds substantial objective evidence indicating a contributory role of overweight and overnutrition in the production of those biochemical abnormalities found to be characteristic of the patients who Circulation, Volume XXXIII, develop CHD early in life. Because of the limitations of experimental design that were discussed in the introduction, we are not at liberty to go farther by saying that these biochemical abnormalities must be a part of the process that results in atherosclerosis. But since they may be thus involved, their detection and further study as possible clues to an otherwise occult process is significant.
The similarity in relative body weight between the patient series and the control series and the rarity in both series of grossly obese individuals are worth reemphasizing here. From the nature of our American population, it is obvious that many of the healthy control subjects are candidates for CHD at some future time. Therefore, in assessing the risk of CHD in an individual, one should consider his nutritional status in the light of other important factors, such as the family history and serum cholesterol level.
Role of Hereditary Factors
The very high incidence of CHD in close relatives of our patients suggests the action of genetic factors in setting the stage for accelerated development of atherosclerosis. But one must never lose sight of the environmental influences set in motion during family life: habits of eating and smoking, interest in athletics, and less well-defined factors such as the level of ambitions and the behavior pattern of attempting to achieve them.
The shorter body height of the coronary patients must for the time being be considered as genetically determined in our society, where childhood malnutrition is so infrequent. That the compact, overnourished male probably has a greater risk of developing CHD than his more extended counterpart is consistent with the widely recognized association of mesomorphic body build with CHD.9
The results of this study suggest that the serum cholesterol levels of our subjects were determined more by genetic factors than by the nutritional status.54 55 The serum triglycerides appeared to be under greater nutritional influence,56 except in the four patients with marked elevations.
Let us consider how the environmental factors believed to be contributory to coronary heart disease might exert their effects indirectly by impingement upon the genetically determined characteristics of the individual ( fig. 11 ) .57 Is it not possible that limited capacity or easy exhaustibility of metabolic pathways for disposition of ingested sugar or fat are genetically determined? Such a concept can account for the variation in individual patterns of abnormalities observed in this study-for example, for normal biochemical tests in one individual and abnormal tests in another at comparable degrees of overnutrition.
Pathogenesis of Atherosclerosis and Coronary Heart Disease
The concerted action of the environmental and hereditary factors discussed in previous sections presumably establishes conditions favorable to the accelerated development of atherosclerosis in certain indiiduals. Chronic hyperlipoproteinemia is believed to subject blood vessel walls to increased danger of lipid infiltration. The demands of excessive food input stimulate pathways for lipogenesis in liver and adipose tissue. Stimulation may also take place within the cells of blood vessel walls, creating a situation of lipid infiltration both from without and from within the tissue.
Conclusions
This study has been an examination in depth of a small number of carefully selected patients who became afflicted with coronary heart disease early in life after having been previously in excellent health. Analysis of the data gave evidence, in varying degrees, of an abnormal metabolic state manifested principally by impaired glucose tolerance and hyperlipidemia. A set of 10 descriptive and biochemical parameters was found which discriminated well between the patients and their age-matched control subjects. The positive findings heavily infiltrated the patient series, while they were sparsely scattered among the controls.
Care must be taken in generalizing to larger, or to older, populations the results and interCirculation, Volume Figure 11 Schematic representation of the complexity of the environmental and hereditary influences which may accelerate the progress of human atherosclerosis. The present study leads to the conclusion that the incriminated environmental factors play their role largely through interaction with genetically determined capacities of pathways of intermediary metabolism and properties of arterial tissue. This may account for the great variability in the patterns of abnormal findings among the young men with coronary heart diseases. pretations of our specialized study. Our findings confirm or support those of numerous earlier investigations of coronary heart disease and are never in conflict with them. One conceptual advance is derived, which should be useful to epidemiologists. This is the value of considering a broad range of parameters for discriminating risk levels, because of the great variation in patterns of response in individual people.
We are strongly led by the data to the view that atherosclerosis and coronary heart disease are accelerated by a variety of environmental factors (especially nutritional status and tobacco smoking) which exert their action, at least in part, through impingement upon the genotype of the individual ( fig. 11) . A simple pathogenesis for atherosclerosis and myocardial infarction-such as the consumption of too much fat, or cholesterol, or sugar-will not be found. Indeed, one becomes skeptical of the prevailing idea that the "national epidemic" of atherosclerosis is actually a disease.
Summary
To study metabolic factors in the genesis of coronary heart disease in previously healthy young adults, 24 men (aged 23 to 49 years) who had recovered from proven myocardial infarction were compared with an age-matched series of 20 healthy subjects-10 business and professional men and 10 prisoners. Both series averaged 10%o above ideal body weight. The patients were shorter, were heavier smokers, and had a high familial incidence (70%) of Circulation, Volume XXXIII, May 1966 coronary heart disease. The controls had more familial diabetes.
Oral glucose tolerance tests without and with cortisone showed higher peak blood sugar levels and delayed return in the patients. Four patients were found to have fasting serum triglycerides above 300 mg% and were placed in a separate category of essential hyperlipidemia. In the remaining 20 patients, serum cholesterol and triglycerides in combination were higher than in the controls, together with elevation of pre-,3-lipoproteins.
a1-Lipoprotein was decreased. Mean postheparin lipolytic activity was slightly less in the patients-in the lower part of the normal range.
In the combined series of patients and control subjects, the relative body weight showed significant correlations-directly with the 1-hour blood sugar level in the glucose tolerance test and with the fasting serum triglyceride level, and inversely with the a1-lipoprotein. The relative body weight did not show a significant correlation with the serum cholesterol level.
A set of 10 characteristics and biochemical variables, referred to in preceding paragraphs, was found to discriminate well between the patients and their controls. The total incidence of abnormal findings was high among the patients (mean, 4.9 per man) and low among the controls (mean, 1 
